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ABSTRACT
While the nation's water quality has been an issue for over thirty years, only
within the past decade has stonnwater runoff from urban/suburban areas been
targeted as a significant contributor to the decline in water quality of US waters.
Currently, the complex relationship between stormwater runoff and water quality is
still not well understood. Studies have shown, however, that increases in impervious
cover, caused by development, have a direct effect on the quality of water bodies
receiving drainage from urban/suburban areas. Since awareness of the potentially
detrimental impacts of stonnwater runoff has increased, various methods have been
developed that aim to control these negative effects. Such methods are known as
stonnwater Best Management Practices (BMPs).
This report is a collection of current research and information, about
stonnwater BMPs, gathered with the intent of providing a knowledge base for the
decision-makers of Pennsylvania's Bushkill Creek watershed. Like many planners
throughout the nation, those within the Bushkill Creek watershed are faced with the
decision of whether or not to implement BMPs as part of new development projects.
Due to the complex relationship between stonnwater runoff and water quality, there
is still a considerable amount to be understood about BMPs and how they operate
most effectively. Unfortunately, sufficient research has not been conducted to
accurately quantify the results obtained with BMP use. Thus, planners must carefully
evaluate various site-specific conditions within a watershed before choosing methods
with which to manage stonnwater runoff. Contained in this report is an evaluation of
some of the unique characteristics of the Bushkill Creek watershed that are
fundamental to determining effective stormwater management strategies. This
evaluation is then used to make recommendations for development of a stormwater.
management plan that largely relies upon the cooperative efforts of individuals and
organizations within the watershed.
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CHAPTER 1: INTRODUCTION
By its passage of the Clean Water ACt (CWA), the US government has made a
priority of maintaining the integrity of the nation's waters. While much of the
regulation regarding water quality is made on a state-by-state basis, it is the US
Environmental Protection Agency (EPA) that establishes many of the standards upon
which the state programs are based.
As a part of the CWA, the EPA has the responsibility of leading efforts to
achieve the goals set forth in the CWA. Those primary goals are the "elimination of
pollutant discharges" and the maintenance of the "fishable and swimmable" quality of·
US waters (US EPA, Office of Water website). In its mission to attain these goals,
the EPA conducts research and sets standards for the maintenance of water quality
which· are used as the basis for regulation throughout the nation. With the guidance
and support of the EPA, each state has the freedom to adopt a customized plan for
maintaining water quality. Certain policies set forth in the Act are consistent
throughout the nation, such as the need to obtain an NPDES (National Pollutant
Discharge Elimination System) Permit when discharging to US waters, while other
policies are left to the state and local governments' discretion. For example, various
requirements in obtaining the NPDES Permit can be specified by the state or
municipality.
Since the passage of the CWA, many sources of water pollution have become
of increased concern. One such source is stormwater runoff from developed areas,
which is becoming an ever-increasing source for pollution of the nation's waters due
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to continuing urban/suburban development. In response, the EPA has developed
various strategies that attempt to control the pollutant effects of stormwater runoff.
These techniques, which also have the goal of attenuating peak runoff and recharging
groundwater resources, have been termed Best Management Practices (BMPs) and
include methods such as grass swales, infiltration trenches, constructed wetlands, and
detention ponds.
Although development of these BMPs is logically based in the goal of the
CWA, various stormwater runoff and water quality experts have recently called into
question the efficiency and effectiveness of some BMPs. Faced with the questions
surrounding BMPs, many states and municipalities are hesitant to readily adopt them
as part of their water quality regulations. While a few states, such as Maryland, have
substantially incorporated BMPs into their plan for maintaining water quality, most
utilize only a limited portion of the many BMP strategies within their regulatory
plans. To become more widely accepted, further proof of their efficiency and
effectiveness must be demonstrated.
The beginning of marked BMP use was experienced in the early 1990s
following a rather limited amount of research. This research led to the publication of
recommendation and design manuals by various sources. In the years that followed,
research continued and more data were gathered to further the technology of BMPs.
Unfortunately, many manuals currently utilized in BMP design are products of the
early stages of BMP research and thus, are limited in their scope. It is with the aid of
such manuals that most BMPs continue to be designed. These somewhat outdated
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methods of design are another factor in the hindrance to widespread use of BMPs
throughout the country.
As urban/suburban development continues, the issue of BMP use is more
frequently being considered. Engineers and planning officials are continually faced
with the decision of whether or not to adopt BMP strategies as part of their
development plans. With the ultimate goals of efficiency and effectiveness, plans
must be carefully evaluated for both their long and short-term effects on water
quality. For many planners, BMPs are still a rather misunderstood technology that
must be better defined to become part of their typical development designs.
The content of this report is a collection of current research and information
regarding stormwater BMPs gathered primarily for use by the planners and decision-
makers of Pennsylvania's Bushkill Creek watershed. Like many local decision-
makers throughout the country, those governing the Bushkill Creek watershed are
currently faced with decisions regarding BMPs. As in any watershed, the
characteristics of the Bushkill Creek watershed playa significant role in determining,
not only what types of BMPs to use, but also the more fundamental decision of
whether or not to utilize BMPs at all. This report is intended to serve the decision-
makers of the Bushkill Creek watershed by providing them with an updated
knowledge base with which to guide them in their judgement regarding BMPs.
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CHAPTER 2: URBANSTORNnNATERRUNOFF
As land development in this country continues, its effects, both positive and
negative, become of increasing concern. One negative effect that has recently
become more notable is the quality of stormwater running off developed areas. For
many years, planners and local decision-makers in growing areas did not realize the
detrimental effects that development can have on the quality of stormwater runoff and
further, on the quality of water bodies receiving that runoff.
Although water quality has become an important Issue In this country
following the passage of the Clean Water Act in 1972, it was not until the 1980s that
stormwater runoff was recognized as a significant contributor to the pollution of
many US water bodies. According to the EPA's most current National Water Quality
Inventory Report to Congress (1998), nonpoint source pollution, which includes
urban stormwater runoff, is considered the leading cause of impairment of the
nation's water quality. In this report, the causes of pollution for various. categories of
water bodies are ranked according to their percent contribution to the total pollution
within each particular type of water body. Of the waters surveyed, stormwater runoff
was ranked first among sources of shoreline pollution and among the top three,
sources in several other categories including rivers, lakes, and estuaries (US EPA,
2000).
Although polluted stormwater runoff may not be the greatest contributing
factor to the impairment ofmany US water bodies, it seems clear that it is responsible
for a considerable portion. Addressing causes ofpollution may result in improvement
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of some of the estimated 40% of the nation's waters that are considered impaired (US
EPA, 2000).
2.1 EFFECTS OF STORMWATER RUNOFF
While the type and extent of effects from urban stormwater runoff are often
very site-specific, there are a number of effects that are common. A brief description
of each is provided here.
2.1.1 Increase in Flow Volume
When development takes place, impervious cover is often significantly
increased through the construction of such features as structures on the site and roads
to access them. Increasing the site's impervious cover results in an increase in the
volume of flow that runs off the site, since the precipitation falling on these areas
cannot infiltrate. This increased volume of runoff can be responsible for downstream
flooding as well as a reduced volume of precipitation converted to groundwater
recharge and baseflow.
Unlike most other effects of urban stormwater runoff, the increase in flow
volume is one. that has been relatively well understood by experts for some time.
Consequently, this understanding has enabled planners to reasonably estimate the
potential effects of increased flow volume and efficiently and effectively address
them when developing a site.
2.1.2 Increase in Flow Velocity
Closely related to the effect of increased flow volume is that of increased flow
velocity. As with flow volume, flow velocity is a function of the cover characteristics
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of a site. .An increase in impervious cover not only increases the amount of runoff
generated from the site, but also increases the velocity at which the runoff flows.
Probably the most notable result of this increased velocity is its potentially
erosive nature. Sedimentation in receiving waters is often a problem in areas where
stormwater runoff discharges to a body of water such as a stream or river as erosion
of the banks or bed occurs. Impacts resulting from sedimentation can include
inhibiting the respiratory and/or reproductive functions of various aquatic species,
providing substrate for organic pollutants such as pesticides, and decreasing the
aesthetic, recreational, or commercial quality of the water body (Murdoch, 1996).
2.1.3 Increase in Water Temperature
One of the most important measures of the quality of a water body is its
dissolved oxygen level. Many of the primary functions of a water body, such as the
ability to sustain aquatic life, are dependent upon the presence of dissolved oxygen at
sufficient concentration. Since dissolved oxygen levels are closely related to the
temperature of a water body, fluctuations in the water temperature correspond to
variability in levels ofdissolved oxygen.
Stormwater runoff that discharges to a water body can have a significant
effect on the temperature of the receiving water and, as a result, on the level of
dissolved oxygen. The impervious surfaces of an urbanized area typically absorb a
high level of heat energy from the sun, some of which is then transferred to the
stormwater runoff passing over them. Due to the increased impervious cover of an
urbanized area, the temperature of stormwater runoff generated by such an area is
often significantly higher than that running off of an undeveloped area.
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Temperature rises can cause an increase in the rate of metabolic and
respiratory functions within many aquatic species resulting in an increased need for
dissolved oxygen in an environment where a reduced level is present. Waters where
certain cold-water fish species, such as trout and salmon, are prevalent can also be
negatively affected by a rise in water temperature, as the biological processes of these
speCIes are highly dependent upon prevailing low water temperatures (Murdoch,
1996).
2.1.4 fucrease in Constituent Content
Urban stormwater runoff is often a means for the introduction of various
undesirable constituents to receiving waters ranging from improperly disposed litter
to dissolved toxic chemicals. fu a typical urbanized area, impervious surfaces are
often a common catalyst for polluting runoff. Many human activities, namely
automobile use, result in the deposition of potentially harmful substances onto
surfaces where stormwater runoff is able to carry these substances to receiving
waters. Other common ways in which runoff can acquire undesirable constituents
include runoff from lawns treated with fertilizers, herbicides or pesticides; animal
wastes; illicit wastewater connections; overflows from sanitary sewers; runoff from
construction sites; and deposition of airborne contaminants.
Constituents of primary concern for stormwater are usually classified in one
of the following seven categories: metals, organic chemicals, pathogens, nutrients,
biochemical oxygen demand (BOD), sediment, and salts (Lehner, 1999). Table A
lists examples of substances within each category that are frequently found in urban
stormwater runoff as well as common sources for each category of constituent.
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Nearly all of these substances have been found to have numerous detrimental effects
on receiving water bodies primarily with respect to the aquatic organisms inhabiting
them. Such effects include toxicity, destruction of habitat, reduction of food supply,
and inhibition of vital functions such as respiration and reproduction (Murdoch,
1996).
From 1978 to 1983, the EPA conducted one of the most comprehensive
studies of urban runoff known as the Nationwide Urban RunoffProgram (NURP). Its
primary goal was to evaluate the characteristics of urban runoff and their link to water
quality. The study included analysis of samples taken from 81 specific sites for
approximately 2,300 storm events. The focus of the NURP was on ten constituents
believed to be of primary concern to water quality: total suspended solids,
biochemical oxygen demand, chemical oxygen demand, total phosphorus, soluble
phosphorus, total Kjeldahl nitrogen, nitrate/nitrite, total copper, total lead, and total
zinc. The findings of the study indicate that there is a significant difference in
loadings of these constituents between developed and undeveloped areas. Further,
the study showed that concentrations of the substances were directly related to the
degree of development of a watershed (US EPA, 1983). This is demonstrated in
Table B which shows typical concentrations for each of the ten constituents of the
NURP based on a.1994 study by Horner.
Although the list of potential pollutants is rather extensive, there is much
debate regarding the true harm that results from their presence within urban
stormwater runoff. There are researchers that claim some of the substances believed
to be harmful stormwater pollutants are actually constituents that typically exist in
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inert fonns in urban runoff (Lee, 2000a). This is an issue which the EPA and others
interest~d in the quality ofurban stormwater runoff continue to investigate.
Many questions also surround the quantification of water quality effects from
these various substances. The primary obstacle to developing a means of accurate
quantification is the highly site-specific nature of constituent loads and their effects.
A number of different factors can have an impact on the runoff and constituent
loading responses of a particular watershed. These include average rainfall intensity,
rainfall duration, average duration between stonns, land slope, land use, and soil
types..· Often the runoff and pollutant responses are analyzed in a similar manner.
Just as a hydrograph can be developed to model runoff response, a comparable
pollutograph can be created and used to analyze the concentration of a particular
constituent in time.
Despite the ability to develop a model such as the pollutograph, there is still
much to be understood about the nature of various stonnwater constituents and how
they affect the quality of receiving waters. Most studies of pollutant loadings have
determined that a "first flush" phenomenon typically occurs in which the highest
constituent concentrations are experienced during the early stages of the rainfall event
when most substances are initially washed from the watershed (Lee, 2000a). While
some researchers maintain that it is these "first flush" loadings that are of the greatest
significance to water quality, others argue that concentrations experienced after the
"first flush" should be used for analyses as these more accurately represent the
prevailing concentrations existing in the water body. Unfortunately, a consensus on
this issue has not yet been reached, but research continues to develop more
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representative models to better understand the water quality impacts such substances
have when contained in stormwater runoff.
2.2 STORMWATER REGULATION
When the Clean Water Act (CWA) was passed in 1972, public awareness of
the declining state of the nation's water quality was greatly increased. Since then,
efforts to remediate impaired waters, as well as maintain healthy ones, have been
steadily growing. As part of the Act's provisions, the EPA was placed in charge of
pioneering programs to restore and/or maintain the "beneficial uses" of the nation's
waters. Through the findings of its own studies as well as those of others, the EPA
seeks to utilize current knowledge and technology to· understand and, ultimately
address, the issues regarding water quality.
Several major pollutant sources have been identified as those. primarily
responsible for water quality degradation. These include agricultural runoff,
wastewater, urban runoff, mining, and industrial and commercial runoff. In the years
. following the CWA, much research was conducted to try to quantify the effects of
these various pollutant sources. Urban stormwater runoff is one source that has
continued to remain somewhat elusive in terms of its contribution to the effects of
water quality impairment. The EPA, while continuing to investigate the role of
stormwater runoff in the water pollution problem, has enacted various policies in an
attempt to, at least, suspend the possible detrimental effects of stormwater runoff until
more is understood.
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Under the CWA, water pollution is classified as one of two types, point or
nonpoint sources. With guidance from the EPA, states are required to develop
regulations for both point and nonpoint source pollution. This program is known as
the National Pollutant Discharge Elimination System (NPDES) and was created as a
part of the Water Quality Act of 1987. In the early years of this Water Quality Act,
efforts were primarily focused on addressing the effects of point source pollution with
significant success. Until 1990, nonpoint source pollution was managed, with very
limited success, by the provisions of section 319 of the CWA, which relied heavily
upon voluntary participation at the state level.
In 1990, enforceable policy was set to deal with the effects of nonpoint source
pollution that is still effective today. This came in the form of the federal Phase I
regulation enacted under the authority of section 402 of the CWA. The regulation
requires permits for each of three categories of dischargers. The first is for specific
industrial dischargers; the second is for construction sites larger than five acres; and
the last is for municipalities with separate storm sewer systems (often called
Municipal Separate Storm Sewer Systems or MS4s) serving in excess of 100,000
people. As of 1998, 228 such permits have been issued in final form (US EPA,
1999). The requirements of the permit include gathering data on precipitation and
stormwater volume and quality as well as developing an extensive management
program to control runoff pollutants. Since the Phase I permit requirements were
developed at the state level with the help of the EPA, details of permits vary among
the states.
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Recently, in 1999, the Phase II program was finalized which is an expansion
of Phase I regulations to include dischargers from construction sites between one and
five acres and smaller MS4s located in urbanized areas. It is estimated that the Phase
II program will apply to approximately 110,000 construction sites annually and about
3,500 municipalities (US EPA, 1999). Requirements of this program are set to take
effect in February of2003.
Also applicable to some urban stormwater runoff is the Coastal Zone Act
Reauthorization Amendments (CZARA) of 1990. These amendments enable the
EPA to enforce technology-based standards for municipalities where runoff
discharges to coastal waters. Under the rationale that neither the state nor the EPA
has available funding, time or other needed resources to accurately determine the
relationship between runoff and impaired quality of coastal waters, the regulations are
based on what are typically referred to as "end-of-pipe" standards. The primary
objective of such standards is simply to reduce runofr'constituents to predetermined
levels at specified locations such as BMP outfalls.
There are some that question the approach taken by the EPA to manage
stormwater runoff. One California-based researcher, Dr. G. Fred Lee, argues that,
"with few exceptions, the US EPA criteria are valid for the protection of aquatic life
and other beneficial uses of a water body under worst case based situations, Le., those
of potential pollutants being in 100% available forms and aquatic life in the receiving
waters experiencing an extended exposure to these forms" (Stormwater, 2001).
Recognizing some of the shortcomings of the EPA program, Lee notes that the term
pollutant should be used to describe only those constituents that actually impair the
14
beneficial uses ofa water body as described in the CWA (Lee, 200). Often, EPA
guidelines do not adequately prove that some regulated stonnwater constituents truly
impair the water body's beneficial uses.
Although the truth may not currently be mown, it seems clear that there is
still more to be learned about the relationship between stonnwater runoff and
receiving water quality. It is possible that the EPA is flawed in its approach to
controlling stonnwater runoff effects; however, the fact that water quality across the
nation has experienced a notable improvement since passage of the CWA cannot be
ignored (Conmmonweal, 1995). Nearly all researchers and those concerned with
water quality share the same goal of maintaining the beneficial uses of national
waters. As long as this is true, it seems likely that a consensus will eventually be
reached regarding the management ofwater quality.
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CHAPTER 3: URBAN STORMWATER RUNOFF BEST MANAGEMENT
PRACTICES
The term Best Management Practice (BMP) is one that has been in existence
as long as the CWA, but never has it been so frequently used as within the last several
years. BMP is a broad term used to indicate strategies aimed at dealing with all types
of runoff including those from agricultural and industrial sources. Due to the varying
nature of the different types of runoff, the BMPs used to address them also differ
from one another. Thus, since the focus of this report is on stormwater management,
the information regarding BMPs discussed herein is primarily applicable only to
stormwater runoff strategies.
The stormwater BMP strategies currently being used often aim to control one
or more of the stormwater runoff effects mentioned in the previous chapter. These
effects include increases in flow volume, flow velocity, and constituent levels. (To
date, no BMPs have been developed specifically to control the impacts of temperature
increases from runoff.) Logically, no single BMP is capable of accomplishing all of
these goals; therefore, multiple BMPs are sometimes employed at sites where several
stormwater effects must be controlled. The conditions at a particular site will dictate
the need for multiple BMPs.
3.1 TYPES OF BMPs
BMPs designed to control the detrimental effects of urban stormwater runoff
are generally divided into two groups, structural and nonstructural. Structural BMPs
are those developed to deal with runoff problems that already exist. These structural
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strategies typically take the form of specifically designed facilities that are aimed at
remedying stormwater runoff problems once they have been created. On the other
hand, most nonstructural BMPs attempt to address the problems of stormwater runoff
before they begin.
Currently, there are numerous BMP strategies available, and often,
implementation of the most common BMPs can result in variations that are rather
unique. This is further proof of the site-specific nature of BMPs. Despite the large
number of strategies, most can be classified in one ofthe following categories.
3.1.1 Structural BMPs
Infiltration Systems
Infiltration systems are some of the most common structural BMPs in use,
since they can address more runoff problems than most other BMP types. They
involve temporarily retaining runoff volumes for the purpose of infiltrating that
volume into the ground. This can serve to control excessive runoff volume and, in
some cases, improve water quality by infiltrating some of the runoff constituents.
Other advantages can include recharge of groundwater and decrease in water
temperature.
As with any BMP, proper siting is an important consideration. Infiltration can
be severely limited in areas with soil of low permeability. Also, care should be taken
in siting an infiltration BMP in an area where groundwater is a primary drinking
water source, since there is the potential for migration of contaminants to the
groundwater. In such cases, groundwater should be regularly monitored to assure its
quality.
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Design criteria for infiltration BMPs include detention time, drainage area,
infiltration rate, design stonn, depth and lining of structure. Table C lists
recommendations for these criteria (primarily for infiltration basins and trenches)
based on the research of Taylor and Lee. In addition to these criteria, another
important element of infiltration BMPdesign is "offline" placement. This means the
system is designed to receive only a portion ofthestonnwater runoff from a site, such
as the first several inches. The remaining runoff will bypass the BMP untreated (US
EPA, 1999). Thefollowing BMPs are commonly used infiltration systems.
Infiltration Basins
The primary goal of an infiltration basin, as with other infiltration practices, is
to capture the design runoff volume and convert it to soil moisture and groundwater
flow. Also, infiltration basins often have goals of removing runoff constituents
through filtration, adsorption (where dissolved constituents become bound to soil
particles), and/or biological conversion (where organic contaminants are broken down
by microorganisms within the soil). An ancillary benefit of infiltration basins can
include the attentuation ofpeak flows.
Most infiltration basins are designed to drain within about 72 hours of a storm
to ensure proper capacity for subsequent storms as well as to reduce the duration of
standing water which can lead to odor problems .and breeding of pests, such as
mosquitoes (US EPA, 1993a). Figure 1 shows a diagram of a typical infiltration
basin.
Infiltration Trenches
Infiltration trenches operate in a manner similar to that of infiltration
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basins and serve many of the same functions. Their primary difference is that, rather
than being an open structure, they are often filled with some type of filtering medium
like stone. Figure 2 depicts a cross-section view of a typical infiltration trench.
Another difference is the inability of trenches to treat large volumes of runoff. This
characteristic makes them much more conducive to use as a supplemental BMP rather
than a primary one.
Porous Pavement Systems
Porous paving systems attempt to serve some of the same functions as
impervious pavement while reducing the volume of runoff that is generated.
Examples of such systems include porous bituminous concrete mixtures, permeable
interlocking concrete paving blocks, perforated brick pavers, and compacted gravel
(Bachman, 1998). A sample cross-section of a porous pavement system is shown in
Figure 3.
Unfortunately, good infiltrative performance of porous pavement is especially
sensitive to site conditions. Such pavement can only be used in areas of light traffic
volume, as it cannot withstand intense wear. Also, high volumes of sediment loading
in runoff can severely inhibit the infiltrative capacity of the pavement by clogging
pore spaces. Proper maintenance requires regular cleaning of pavement surfaces to
ensure proper infiltration.
Detention Systems
Detention systems are utilized primarily as a means of flow control. These
BMPs function by capturing stormwater runoff and releasing it at a controlled rate.
Such systems should not be employed with the expectation of improving water
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quality. Detention systems are designed to drain within a relatively short period of
time (typically around 24 hours) which is usually not sufficient to improve water
quality.
A primary concern in. siting a detention system is supplying adequate space to
store the runoff before release. In highly developed areas, this poses a rather complex
problem that often makes detention systems too costly to implement. Aside from this
constraint, detention systems require very few specific conditions to function well.
This often makes them a feasible option for areas concerned only with controlling
runoff flow rates.
Although various detention practices exist such as underground vaults and
tanks, foremost among the detention BMPs are detention basins. Such basins are one
of the most widely used BMPs in developing areas. This widespread application is
most likely attributable to the abundance of information available regarding detention
basins. Unlike most BMPs, the primary mechanisms that take place in a detention
basin have been well understood by engineers and researchers for many years;
therefore, the ability exists to reasonably quantify the expected and actual results
achieved by detention basin use. Figure 4 shows a cross-section of a typical detention
basin.
Retention Systems
Like detention systems, retention systems control a specified flow volume by
capturing runoff and detaining it; however, retention systems store this flow volume
for a considerably longer period of time until it is replaced with runoff from a
subsequent storm. Through retention, the BMP also has the ability to provide water
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quality control by such processes as sedinientation or biological uptake by aquatic
plants and microorganisms.
Most common among the retention systems is the retention basin or wet pond.
A diagram of a typical wet pond is pictured in Figure 5. Similar in structure to the
detention basin or dry pond, the wet pond possesses additional features such as a
forebay containing various vegetation used to promote filtration and biological uptake
ofnutrients (US EPA, 1999).
As the name suggests, wet ponds rely upon a permanent pool to function as
designed. This usually makes them inappropriate choices for arid regions or for
small drainage areas (the minimum size is approximately 5 acres) (Bachman, 1998).
As with dry ponds, the wet pond requires a site with sufficient space to adequately
provide storage. Although retention basins tend to function rather successfully when
properly implemented and maintained, a significant drawback can be their sensitivity
to extreme climatic changes. Increased temperatures during summer months can
I
result in increased water temperature, and during winter months, freezing of the
permanent pool can occur (Lehner, 1999).
Constructed Wetland Systems
Constructed wetland systems mimic the functions of a natural wetland system
and are primarily used for addressing water quality problems. These constructed
systems consist of an area where flow volume is collected for treatment through such
mechanisms as sedimentation, filtration, absorption, adsorption, microbial
decomposition, and plant uptake (US EPA, 1999). As in a natural wetland, these
processes are facilitated by a variety of plant species adapted to saturated soil
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conditions.
A primary consideration in design of a constructed wetland is the availability
of water to maintain proper function of the system. Thus, the most conducive areas
for constructed wetlands are those where the groundwater table is close to the surface.
Constructed wetland systems are most often developed as wetland basin
structures that can function either as a dry or wet pond depending on the design. The
primary difference is the type and amount ofvegetation that covers the wetland basin.
Plan and pro~le views of a typical constructed wetland are shown in Figure 6.
Filtration Systems
A filtration system is one that uses a filtering medium to improve runoff
quality. There are a number of filtration system designs currently in use, employing a
variety of media including sand, gravel, and organic materials such as peat or leaf
compost. Filters are· generally designed as off line systems that treat only a specific
volume of runoff; therefore, water quantity control is not available through the use of
filtration systems alone. One of the more desirable aspects of filters is their ability to
be designed as above or below ground structures. In areas where space constraints
are a concern, underground systems can be a feasible alternative.
Two of the more commonly used filters, named for their cities of origin, are
the "Austin" surface sand filter and the "D.C." sand filter which is an underground
vault type. Diagrams of these filtration systems are pictured in Figures 7 and 8.
Another common. filtration system, which contains a soil bed as its filtration medium,
is known as a bioretention system. Figure 9 shows a diagram of a bioretention system
designed within a traffic island. Such systems provide additional treatment
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through the vegetation within the soil bed.
Vegetated Systems
Vegetated systems can serve as both a water quality and water quantity
control. These BMPs, often referred to as biofilters, are open channel systems that
utilize vegetation to filter, convey, and sometimes infiltrate runoff. Biofilters are
typically used to replace portions of traditional impervious stormwaterconveyance
systems such as paved gutters. The following are two of the most popular
biofiltration methods.
Grass Filter Strips
Grass filter strips are planted areas designed to intercept runoff from
impervious surfaces. These strips are densely vegetated and graded to reduce the
velocity of the flow and allow for infiltration and filtration mechanisms to take place.
·Plan and profile views of a typical filter strip are shown in Figure 10. Since their
capacity to control runoff is dependent upon their size, space constraints often limit
. the usage ofgrass filter strips to roles as supplemental BMPs.
Vegetated Swales
Vegetated swales are similar to grass filter strips and serve many of the same
functions. They are often employed as means to eliminate traditional forms of
stormwater conveyance· such as curb-and-gutter systems that can enhance water
quality and quantity problems. A typical example is shown in Figure 11, where grass
swales are utilized with a wetland basin in the drainage design of a parking lot.
Vendor-Supplied Systems
In addition to the more traditional BMP systems listed previously, there are
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vanous devices manufactured by a number of different companIes that can be
employed in BMP design and implementation. Many of these devices are self-
contained systems that incorporate a process such as infiltration. Due to their unique
nature and the limited data available on their performance, these devices cannot be
readily compared to traditional BMP strategies. Discussion of such systems is thus
beyond the scope of this report.
3.1.2 Nonstructural BMPs
Since nonstructural BMPs are strategies aimed at preventing stormwater
runoff problems before their onset, the methods employed are quite different from
those of structural BMPs; therefore, their classification also differs. Nonstructural
BMP strategies are primarily in the form of programs whose success requires
significant participation from various interest groups. The following isa subjective
classification that incorporates a list ofmany commonly used nonstructural BMPs.
Education, Recycling, and Source Control Programs
Due to the cumulative effects of common activities such as fertilizing lawns
and walking pets, the general public, often unknowingly, is responsible for a notable
portion of the stormwater pollution problem. Thus, significant water quality.
improvements could be experienced through the· implementation of public programs
aimed at educating people of their ability to help in alleviating the problem. While
programs such as these should be tailored to the specific needs of an area, many
successful.programs have addressed one or more of the following activities related to
stormwater runoff quality (Lehner, 1999).
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Automotive Product Disposal
Many automobile owners who change their own oil or other automotive fluids
need a means of disposing of these spent fluids. Many people do not realize that
dumping used fluids into the stonn sewer can cause severe water quality problems.
Another related issue is the washing of automobiles in areas where substances such as
oils, dirt and solvents are flushed into stonn drains. Addressing these problems as
part of a community education program would include not only notifying people of
the negative impacts of such activities, but also providing a proper means of disposal
such as a recycling ~enter.
Commercial andlndustrial Good Housekeeping
Commercial and industrial sites often contain many impervious surfaces that
can greatly contribute to stonnwater quality problems. Sediment, metals,
hydrocarbons and other toxic substances can be washed from these impervious areas
and carried through the stonnwater drainage system to receiving waters. An effective
program would seek to educate site owners on methods of reducing constituent
loadings by utilizing good housekeeping practices such as limiting exposure of
materials and equipment to rainfall, proper cleaning of spills, and minimizing the use
of fertilizers and pesticides (US EPA, 1999).
Fertilizer and Pesticide Use
Many of the runoff problems associated with fertilizer and pesticide use are
attributed to improper application of these products. Stormwater runoff quality can
be significantly impacted when levels of these constituents become high enough to
pose a toxic threat to various aquatic life within the recelvmg water body.
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Educating the users of fertilizers and pesticides about methods to minimize the
impacts of these products on stormwater quality, such as proper application, can
greatly reduce the source ofthe problem.
Illicit Discharge Detection and Elimination
Illicit sanitary sewage discharges have been identified as a significant
contributor to stonnwater quality degradation (US EPA, 1993b). Such discharges are
most often caused either by seepage from leaking sanitary sewer lines or by illegal.
sewage connections to the storm drain and can raise nutrient, bacteria, and BOD
levels in receiving waters. Among the primary goals of a successful source control
program is identifying the sources of these discharges and seeking to eliminate them.
Lawn Debris Management
Lawn debris, due to its organic content, can negatively impact receiving
waters during decomposition by releasing nutrients. Leaves and grass clippings left
on lawns can easily be carried by runoff into storm drains. This can be prevented by
methods such as composting or disposal through lawn waste collection programs. An .
effective public education program should alert people of these issues and provide
means for proper disposal of lawn debris.
Pet Waste Disposal
Another issue that should be addressed as part of a community education
program is that of pet waste disposal. Pet waste can introduce bacteria, nutrients, and
BOD to receiving waters by allowing it to be washed into stonn drains. Just as with
many other source controls, proper disposalis the key to reducing the impacts of this
pollutant source.
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Stormwater Drainage System Maintenance Programs
Throughout· a watershed, there are many elements of the stonnwater drainage
system which require maintenance. Keeping up with this maintenance can be a
crucial aspect of limiting the pollutants contributed to stonnwater runoff. Listed are a
few of the most important elements of properly maintaining a stonnwater drainage
system.
Structural BMP Maintenance
Since the optimal function of most structural BMPs is dependent upon their
proper maintenance, ensuring that structural BMPs are functioning as designed can be
an important aspect of maintaining a stonnwater drainage system. Table D lists
several structural BMPs and their required maintenance procedures as well as
suggested intervals for perfonning such activities.
Catch Basin Cleaning
During their normal use, catch basins typically collect a considerable amount
of debris such as leaves and litter which inhibit their functionality. To ensure their
effectiveness, catch basins should be cleaned regularly either manually or by use of
mechanical equipment.
Street Sweeping
Primarily due to emissions of automobiles, streets accumulate a significant
amount of substances on their surface. Street sweeping attempts to alleviate this
source of potential runoff pollution by removing many of these substances and
disposing ofthem properly.
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Low Impact Development Practices
Presumably, when concerted effort is made to reduce the impacts of
development on stormwater runoff, a significant improvement in water quality and
water quantity control is made. The following are several common methods of
reducing the negative effects ofdevelopment.
Minimization ofImpervious Areas and Preservation ofOpen Space
By minimizing the amount of impervious cover on a site, less stormwater
runoff can be generated. This can be accomplished in a number of ways such as
using porous pavement, designing streets at minimum widths, and reducing the
amount of sidewalks. These practices can also aid in the preservation of open space
that naturally addresses the impacts of stormwater runoff. Open space preservation
measures include retaining areas of forest or meadow in their natural state.
Directed Growth and Sensitive Area Protection
Directed growth is a term used to describe practices aimed at controlling land
uses through the application ofplanning and zoning ordinances. Such ordinances can
restrict the uses· available for specific sites, thus, preserving sensitive areas, like
wetlands, that are integral to the proper ecological balance of the watershed.
Minimization ofSoil and Vegetative Disturbance
Disturbing soil and vegetation at a site can result in decreased stormwater
quality by enhancing the potential for erosion. Other detrimental effects include
reducing the filtration ability of vegetation and lowering the infiltration capacity of
the soil by compaction. Making efforts to confine the areas of disturbance as well as
usmg care during processes of development can serve to reduce some of
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these impacts.
3.2 EVALUATING BMPs
3.2.1 Efficiency and Effectiveness
In order to make proper decisions about the use of BMPs,an appropriate
evaluation of BMP operation is essential. As with most other engineering strategies,
efficiency and effectiveness are two commonly used measures of· BMP success.
Although· these parameters may be readily quantified in terms of water quantity
control, attempting to evaluate them in the context of water quality control can be
extremely difficult. It is within this context that many of the questions surrounding
BMPs tend to arise. Unfortunately, a thorough understanding of this subject
continues to elude researchers even to the present day. This can be attributed
primarily to the following three factors: 1) differentBMP strategies vary significantly
from one another complicating the ability to readily compare their performances, 2)
the site-specific nature of BMPs further inhibits comparison, even among BMPs of
similar types, and 3) there is currently a general lack of widespread data for sufficient
comparison to determine significant trends in BMP performance.
To monitor the effectiveness of BMPs in reducing the impacts of increased
flow volume and 'velocity, flow rate measurements can usually be taken using various
flow monitoring equipment. With the measurement of hydrographs, important
quantities can be determined such as total runoff volume and peak flows in and out of
theBMP.
Monitoring BMP effectiveness in improving water quality is much more
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difficult to ascertain. Currently, two primary methods of evaluating the impacts on
water quality exist. One relates to the effectiveness of the BMP while the other
relates to its efficiency. The first method evaluates the quality of receiving waters
and attempts to assess the improvements made by the BMP. This is often considered
the effectiveness measurement of the BMP. Measuring constituent concentrations as
well as analyzing biological indicators within the receiving body can give insight into
the impacts that stonnwater runoff may be having. The major difficulty in this
method is the inability to accurately detennine what effects can be attributed to BMP
use.
The measure of efficiency of the BMP is taken as its ability to remove
constituents as indicated by the reduction in concentration of such substances across
the BMP. These concentration levels are measured at the inflow and outflow points
of the BMP. Each of the water quality samples taken typically target a specific
constituent or group of constituents. These samples are usually collected as time- or
flow-weighted composite samples that can be used to calculate an average or event
mean concentration (EMC) specific to the sampling point. Using this EMC value,
estimates of the removal efficiency can be made from one ofthe following methods
(Martin and Smoot, 1986).
Efficiency Ratio
The efficiency ratio (ER) is given as a function of the average EMC at the
inlet and outlet.
ER = 1- Average outlet EMC
Average inlet EMe
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Summation ofLoads
The summation of loads (SOL) is a function of the summed constituent loads
at the inlet and outlet.
SOL = 1_ ~ outlet loads
~ inlet loads
Regression ofLoads
The regression of loads relates the inlet and outlet loads in a linear
relationship where the intercept of the line is constrained at zero and the slope (B) is
the efficiency ratio.
Loads in = f3 *Loads out
Although these methods may seem straightforward, their direct application is
not. Often, sufficient data is not available to readily apply them. Also, reported
results from the use of these different methods have continually been varied (US
EPA, 1999). It is for this reason that many researchers advocate the use of
standardized methods of BMP evaluation. The expectation is that such
standardization will ultimately result in a more thorough understanding of BMPs and
how they operate effectively.
A 1995 study conducted by Urbonas recommended a list of parameters that
should consistently be reported in order to begin standardization of BMP data for
comparison. This list is provided in Table E for several common BMPs. A
subsequent and more extensive attempt to standardize BMP data was recently
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undertaken by the American Society of Civil Engineers (ASCE) with support from
the US EPA. Beginning in 1996, the ASCE began development of the National
Stormwater BMP Database (National Stormwater BMP Database website). Since
Urbonas was one of the leading researchers in this effort, much of the foundation of
the database was developed through the findings ofhis earlier research.
This database, currently available on the internet, was originally based on data
from over 800 existing BMPs and is continually being expanded as new data is
gathered (ASCE website). A primary goal of the development of the database is to
provide a systematic and consistent source for BMP monitoring data that will serve to
demonstrate trends in BMP results. Thus, decision makers seeking to implement
BMPs can reference this source as an initial step in the BMP planning process.
Despite the practical objectives of the National Stormwater BMP Database
and the efforts of researchers throughout the country, a considerable amount of
research remains to accurately quantify the effects of stormwater BMPs. Without
such means, application of BMPs continues to be a somewhat speculative process.
Perhaps less understood and even more difficult to discern are the impacts of most
nonstructural BMPs. Since their methods are primarily preventative measures,
evaluations of their effectiveness will always be rather subjective.
Although there is currently an inability to properly interpret all BMP data,
researchers continue to gather data with the expectation of further clarifying their
meaning in the future. Data of particular interest to planners and decision makers are
those that summarize typical removal efficiencies by specific BMPs and those that
report estimates of typical costs involved in implementation ofvarious BMPs.
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Removal efficiency data can be obtained from a variety of sources including
the National Stormwater BMP Database, the National Pollutant Removal
Performance Database from the Center for Watershed Protection (CWP) (Brown and
Schueler, 1997a), and numerous publications by professional and scientific
organizations. Table F shows a range of typical removal efficiency values for several
constituents in some common BMPs published by the EPA in 1993. Such data must
be used with a knowledge of the limitations of BMP research. Those considering
implementing BMPs must take care to utilize such information for general planning
purposes only.
3.2.2 Cost Analysis
Largely because of their site-specificity, BMPs can have highly variable costs.
The primary costs involved with structural BMPs are capital and maintenance.
Capital costs are typically those required for construction only. Not included are
costs for design and for the land to site the BMP. As with removal efficiency data,
cost estimate data ·can be found in numerous sources published by professional
organizations. Tables G and H show some typical capital costs for several common
BMPs. Obviously, data such as these should be employed only as a general planning
tool.
In most published studies, maintenance costs are often estimated as a
percentage of the construction costs. Tables I and J report annual maintenance cost
estimates for the same BMPs as in Tables G and H.
Costs fornonstructural BMPs are not readily comparable due to the variable
nature of such controls. Nonstructural BMP methods can include mechanical
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means as well as those accomplished through educational programs. Quantifying the
costs of these methods generally requires a unique approach for each. For example,
factors involved in determining the cost for street sweeping practices include the cost
of the sweeping equipment as well as the duration, frequency and distance over which
this equipment is used. According to one estimate, typical street sweepers can range
from about $75;'150,000 and cost between $15 and $30 per curb mile to operate
depending on the sophistication ofthe modeL (SWRPC, 1991; Finley, 1996).
Estimating the costs of another nonstructural method, such as a public
educational program can be quite different. When planning, the best way to estimate
costs of such a method are to review the expenditures of previously implemented
programs. Table K shows some of the 1997 budget allowances for each aspect of a
public education program in Seattle, Washington.
3.3 CASE STUDIES
Aside from analyzing various data from studies, a helpful tool in gaining a
better understanding ofBMPs and their expected results is through studying examples
of actual BMP use. Such studies can alert planners and decision makers of important
issues when applying BMPs as well as give a general expectation for their results.
The following are several case studies highlighting some of the goals, costs, and
concerns ofBMP implementation.
Dover, Delaware
The 30-acre drainage area of the Dover Mall is nearly all impervious cover.
Engineers planned to retrofit this site with a constructed wetland; however, it was
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found that the underlying soil at the site was inappropriate to sustain such a habitat
without the extensive importation of clay material.
With the combined effort of various interest groups such as the Natural
Resources Conservation Service and the Kent County Conservation District as well as
the voluntary efforts of several companies and local high school students, the
Delaware Department of Natural Resources and Environmental Control (DNREC)
was able to affordably construct a wetland system on the Mall property. This wetland
is an offline system that treats the first inch of runoff from all storms and contains
three forebay areas to provide initial sedimentation of suspended particles.
The initial cost estimate for the project was $171,000. Due in large part to the
cooperative efforts of those involved, the actual project budget was only $50,000,
$40,000 of which was funded by a DNREC grant. Key to the success of this project
was the partnership of the various involved parties and their efforts towards a
common goal (Lehner, 1999).
Clackamas County, Oregon
A 14-acre retail site within the 100-year floodplain was in need of mitigating
floodplain impacts. Sinc~ the site borders on sensitive wetland areas, the owner was
required to treat all runoff leaving the site. At the suggestion of engineers, the retail
owner purchased an additional eight acres to construct a 70,000 cubic foot runoff
storage area that included a detention basin and filtration area utilizing 5,000-6,000
yards of compost as its filtering medium. The two compost stormwater filters cost
approximately $47,000 each and have allowed the retail space to "maximize its
parking area and achieve a high level of pollutant removal while saving money on
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construction and facilities" (Civil Engineering, 1997).
Prince George's County, Maryland
Located in the suburbs of Washington, D.C., Prince George's County in
Maryland is one of many communities concerned with the quality of runoff to the
Chesapeake Bay. In the interest of preserving the environmental integrity of the Bay,
local planners and developers in Prince George's County have made a concerted
effort to utilize many low impact development techniques to alleviate some of the
detrimental effects that stormwater runoff could have on the Chesapeake Bay's
ecosystem.
One successful example of low impact development within the county is the
Northridge housing development located in the town of Bowie. The development's
design included an increased density of housing units in a typically smaller area than
that for conventional designs with an equal number of units. In addition, extensive
portions of the site, nearly 40%, were retained as forested open space to facilitate
more natural methods of stormwater management. Remarkably, these alterations in
development practices were implemented with virtually no additional cost than what
would be expected for a traditionally designed site with the same number of units.
Also, the increased density of the housing has not impacted the ability of the units to
sell as readily as those in comparable developments (Lehner, 1999).
Connecticut Department ofTransportation
The Connecticut Department of Transportation (DOT) is a good example of
an agency that has made significant efforts to properly manage stormwater runoff and
its potentially negative impacts. As a part of its stormwater permitting process, the
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Connecticut DOT requIres facilities to develop and implement an approved
stormwater pollution prevent plan. Other major efforts of the DOT are in two key
areas: salt storage facilities and pesticide usage.
Investigations into several contaminated municipal wells in the late 1980s led
to the determination that a significant source of this contamination was from
improperly managed salt storage piles. Prior to the results of this investigation, the
Connecticut DOT often stored salt in uncovered piles at various storage sites where it
was left virtually uncontained. To remediate the problem, the DOT has constructed
storage sheds for their salt reserves as well as implemented methods of better salt
handling to minimize its potential pollutant effects. As of 1998, 63 sheds of the
planned 120 had been built at a cost of approximately $700,000 per shed.
Another strategy the Connecticut DOT has been implementing to improve the
quality of stormwater runoff is reduction in the use of pesticides and herbicides in
their landscaping practices. The primary incentive for initiating these practices has
been· federal funding from the Intermodal Surface Transportation Act (ISTEA)
"Enhancements" Program.
While the DOT realizes that these practices alone may not be responsible for
creating great increases in runoff water quality, they can contribute a considerable
portion to the collective effects of a more extensive stormwater management program
(Lehner, 1999).
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CHAPTER 4: DEVELOPMENT OF A STORMWATER MANAGEMENT
PLAN
Currently, many municipalities are successfully addressing runoff-related
problems, at least in part, by developing a stormwater management plan. Such a plan
seeks to control the impacts of storrhwater runoff through the use of various
techniques, namely BMPs, in an effective and efficient manner. Since stormwater
management techniques are highly site specific, proper development of an effective
stormwater, management plan requires the knowledge of various hydrologic and
physical characteristics of the watershed. Despite the unique nature of different
stormwater management plans, many of the steps in their development are rather
common. This chapter discusses, through use of an example, some of the
fundamental aspects that should be considered in the development of a stormwater
management plan.
4.1 THE BUSHKILL CREEK WATERSHED
4.1.1 Physical Characteristics
Located in Northampton County, Pennsylvania, the Bushkill Creek is a
tributary of the Delaware River that drains an 80 square mile watershed. The maps in
Figure 12 show the location of the watershed and the municipalities included in it.
The creek discharges to the Delaware River in the southern portion of the watershed
at the town ofEaston. Figure 13 depicts the creek and its major tributaries.
Classified as a high quality cold water (trout) fishery by the Pennsylvania Fish
and Boat Commission (PFBC), most of the Bushkill Creek and its tributaries are
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important natural resources to the towns through which they flow (PFBC website).
The creek provides recreational opportunities through fishing as well as aesthetic
value specifically in areas such as the Jacobsburg National Park located at the
confluence of the Bushkill Creek and the East Branch (see Figure 14).
Land use throughout the watershed varies from the densely forested state
gamelands along the northern boundary, formed by Blue Mountain, to the primarily
urban/suburban southern portion (south of Upper Nazareth and Stockerton). Other
land uses include agricultural, industrial, and commercial (JPC, 1992).
The geology of the watershed is also varied. Blue Mountain is underlain with
quartzite, while the remaining upper half of the watershed is underlain by slate (Lyttle
and Epstein, 1987) and consists mainly of shaley silt loam soils (SCS, 1974). In the
southern portion of the watershed (south of Stockerton), the geology consists of silt
loam soils as well (Lyttle and Epstein, 1987); however, they are underlain by
L
carbonates in this region (SCS, 1974).
4.1.2 Water Quality
To date, very limited water quality and quantity data have been collected on
the Bushkill Creek. One of the most significant studies, conducted in 1972, was
funded by the National Science Foundation (Young, 1972). The primary goal of this
environmental study was to analyze the feasibility of a dam on the creek. The study
collected hydrological, biological and chemical data from several sampling points
along the stream and showed that no significant water quality problems existed. The
study did indicate that levels of chemical constituents, such as nitrates, phosphates,
and chlorides, were consistently higher in the Schoeneck Creek, most likely due to
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the presence of quarries in and around Nazareth. These constituents, however, were
believed to be filtered as the Shoeneck flowed underground before joining the
Bushkill. Consequently, the constituents were found in noticeably lower levels
within the Bushkill Creek, even downstream of the Shoeneck.
Other smaller scale studies during the 1970s demonstrated results similar to
the 1972 study.· Those of Rawson (1971), Bradt (1974), and Wagner (1976)
supported the conclusion that the Bushkill Creek does not suffer impairment from
elevated levels of chemical constituents. Perhaps the only notable concern was an
occasionally increased level of turbidity; however, even these levels were not
consistently high.
Beginning in the 1990s, water quality monitoring in the creek experienced a
significant increase. Under the leadership of a local environmental organization
known as the Bushkill Stream Conservancy, various groups have undertaken stream
monitoring projects such as Easton Area School District (EARS, 1999), which
samples monthly from a location in Easton, and the Pen Argyl High School (pAHS,
2000), which samples from the Little Bushkill Creek. These volunteer projects
monitor such parameters as dissolved oxygen, pH, phosphate and nitrate levels.
Results of these programs have shown that the water quality of the creek is generally
good; however, levels ofnitrates and sulfates are sometimes high.
Similar results have also been obtained by periodic studies conducted by
various students and faculty of Lafayette College in Easton such as Braunwell (1991),
Coykendall (1992), and Hobbs (1998). Findings of these studies have reported levels
ofnitrates as high as 30 mg/l and sulfate levels between 50 and 100 mg/I. The studies
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suggest that possible nitrate sources include agriculture, septic systems, and lawn
care, while the primary sulfate source appears to be oxidation of pyrite in slate piles.
This slate source is especially prevalent in the northern portion of the watershed,
along the Little Bushkill Creek, where a number of slate quarries exist. These studies
also found that, despite such elevated constituent levels the beneficial uses of the
creek were not significantly impacted.
Perhaps the most notable data currently being collected on the Bushkill Creek
are those of the Bushkill Creek Watershed Project led by faculty and students of
Lafayette College (Bushkill Creek Watershed Project website). This program, funded
primarily by grants, gathers automated hydrologic data from two gauging stations, as
shown in Figure 14, for use in evaluating the stream and the impacts it experiences
from its surroundings. Measured data, relative to water quality, include flow rate,
temperature, and specific conductivity (which can be used to estimate total dissolved
solids levels). Although this project is still in its early stages, results have shown that
the Bushkill Creek appears to exhibit rather good water quality.
During the past 15 years, the southern half of the watershed has experienced a
considerable amount of growth as much of the agricultural land in this region has
been converted to residential and commercial use. Accompanying this increase in
urban/suburban land use is a heightened concern for the effect that such development
may have on the quality of the Bushkill Creek. The planners and decision-makers of
the watershed are thus faced with many issues regarding water quality and how it is
affected by stormwater runoff.
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Foremost among the decision-makers of the Bushkill Creek watershed are the
members of the Lehigh Valley Planning Commission (LVPC). As an organization
that was formed "to create a comprehensive plan to guide orderly growth," the LVPC
is responsible for many aspects of planning that take place in Lehigh and
Northampton Counties (LVPC website). Due to the increased development occurring
in the Bushkill Creek watershed, the LVPC has been actively studying the effects of
stormwater runoff within the watershed and seeking means to address them.
Currently, their focus in these efforts has turned to the question of whether or not
.BMPs would be an effective means of dealing with some of the stormwater runoff
impacts experienced in the watershed. A goal of this report is to provide some of the
information that will aid the LVPC in answering this question.
4.2 DEVELOPMENT OF A STORMWATER MANAGEMENT PLAN FOR THE
BUSHKILL CREEK WATERSHED
In 1992, in response to flooding problems within the watershed, the LVPC
conducted a stormwater modeling study of the Bushkill Creek watershed per the
Pennsylvania Storm Water Management Act (Act 167) (JPC, 1992). Due to a lack of
sufficient streamflow data from the .Bushkill Creek, calibrated flow data from
neighboring watersheds were utilized to calibrate the model. As Act 167 prescribes,
the study was performed for the purpose of managing stormwater runoff in
developing areas. The results of the model were, thus, used to develop an ordinance
to which all subsequent development would be subject. The resulting ordinance
limits the peak of the post-development flow to a percentage of the pre-development
peak flow depending on the site location and'the design storm employed.
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Although such means of stonnwater management have been implemented
within the Bushkill Creek watershed, there remain problems that must be addressed.
For example, despite the existence of the ordinance limiting peak flows, many
portions of the watershed can still be developed without providing a means for
stonnwater control (Brandes, 2000). Most of these areas are in the southern half of
the watershed much of which is underlain with limestone (Young, 1972). Without
providing means to properly drain such areas, sinkhole fonnation is a threat due to the
penneable nature ofthe underlying limestone.
Another issue that the current stormwater management plan within the
Bushkill Creek watershed does not address is that of water quality. Although water
quality within the watershed has proven rather good to date, some of the studies
conducted on the creek have reported elevated constituent levels. These increased
levels could present future problems, and therefore, should be considered within an
effective stormwater management plan.
Through educated decision-making, the LVPC plans to assume the task of
addressing these problems by implementation of various stonnwater management
techniques. The following are·general guidelines recommended to the LVPC as a
foundation for improving their current stormwater management plan.
4.2.1 Determining Stakeholders in the Watershed and Establishing U~es of the Stream
If a stormwater management plan is to be implemented with a considerable
measure of success, it often requires the cooperation of numerous stakeholders.
These stakeholders include any individuals or groups with an interest in the quality of
the water within the watershed. Various interest groups from the Bushkill Creek
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watershed have already been identified and have come together to form an
organization dedicated to the preservation of the creek and its environs called the
Bushkill Stream Conservancy created in 1991. Members of the Conservancy include
Easton Area High School, the Jacobsburg Environmental Education Center, Lafayette
College, Muhlenberg College, the Wildlands Conservancy, the City of Easton, Forks
and Palmer Townships and Northampton County among others (Bushkill Stream
Conservancy, 2001). Such an organization can provide means, through cooperative
and voluntary efforts, to improve water quality that might not be possible simply
through the efforts of a single group such as the LVPC.
Once the stakeholders in the watershed have been identified, there is a need
for them to convene and collectively determine intended uses for the stream and its
drainage basin. It is only through the consensus of the stakeholders that efforts can be
combined to attain water quality goals within the watershed. This consensus also
helps in establishing the criteria by which the creek's water quality is determined. As
discussed in Chapter 2 of this report, impairment of a water body is most
appropriately defined as a loss of one or more of its beneficial uses. The individuals
who use the water body most logically determine these beneficial uses.
4.2.2 Evaluating Water Quality
Successful stormwater management plans will include some form of
estimation of stream water quality. Often, this takes the form of a monitoring
program facilitated by the combined efforts of several stakeholders. Within the
Bushkill Creek watershed, such efforts have· already been initiated by the Bushkill
Creek Watershed Project which includes the continuous gathering of data (every ten
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minutes) such as flow rate, temperature, and specific conductivity. Although it is still
a relatively young program, those directing it propose to expand the extent of its data
gathering.
One ofthe proposed additions is the installation of four more gauging stations,
similar to the two existing stations, located on each of the major tributaries (Brandes,
2000). Stations in these locations, provided they are placed at representative points,
could be helpful in determining the contribution that each tributary has on the overall
water quality of the Bushkill Creek. Evaluating various parameters from each of the
tributaries might help in establishing trends of runoff from different types of land use,
geology and soil. Addition of turbidity sensors at each gauging station has also been
proposed to aid in determining the extent of sedimentation within the creek. Such
additions to the current monitoring program would be invaluable to development of a
comprehensive understanding ofthe Bushkill's water quality and how it is affected by
stormwater runoff.
In the absence of monitoring data, determining the effects of stormwater
runoff on the creek becomes a much more speculative process. Perhaps the best
means of estimating these effects is through the construction of a water quality model.
Application of this method has not been well documented; however, there have been
instances of relatively successful use. One such example is in Raleigh and Wake
Counties in North Carolina (Quinlan, 1993). The Department of Public Utilities of
these two counties developed a nonpoint source pollution model to estimate the
effects of various pollutant loadings from nonpoint sources, namely stormwater
runoff. The concentration levels of total suspended solids, nutrients and metals were
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estimated under several development scenarios (that is, varying impervious coverage)
using an urban catchment model known as the P8 model. Estimations were also
made for the impacts ofvarious structural (grass swales and wet detention basins) and
nonstructural BMPs (limiting lot sizes and impervious surfaces). The results of the
model indicated that nonstructural BMP options were most economical for these
watersheds. Consequently, county policy was modified to include requirement of
minimum lot sizes and limited percentages of impervious cover based on loading
scenarios generated by the model.
While no instances of specific use could be found to evaluate their
performance, two other computer models exist- that could possibly be used for an
analysis similar to that just mentioned. The first is the EPA's Storm Water
Management Model (SWMM) which can be used for "analysis of quantity and
quality problems associated with urban runoff' (CHI website). This can be
downloaded from the internet at no cost. The other is the Penn State Runoff Quality
Model (PSRM-QUAL) which is a modification of the widely used Penn State Runoff
Model (PSRM) (Aron, 1995). Due to the labor-intensive nature of computer
modeling as well as the lack of documented successful uses, it seems more likely that
use of the stream monitoring program within the Bushkill Creek watershed will be the
means by which the water quality-stormwater runoff relationship is most easily
understood.
4.2.3 EmployingBMPs
Once the stakeholders within a watershed have determined the beneficial uses
of their water body, the task ofmaintaining those uses becomes an on-going process.
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Through the use of a monitoring program, characteristics of the stream can be closely
observed and subtle changes can be readily identified. Computer models also can be
helpful in estimating the impacts ofvarious changes in parameters.
Despite the means of evaluating water quality, an important aspect of
maintaining it is active public participation within the watershed. Nonstructural
BMPs, such as public education programs and low impact development practices,
which require the cooperation of those living in the watershed, should be the primary
means of water quality maintenance. It is these practices that not only cost the least,
but also typically reap the most long-term benefits.
Within the Bushkill Creek watershed, public education programs are a
growing trend. Primary among them is the Jacobsburg Environmental Education
Center which operates from Jacobsburg State Park. This center educates the citizens
ofthe watershed, as well as visitorsofthe park, about the need to conserve the natural
resources offered by the Bushkill Creek. Also offering information to the public are
websites published by some of those conducting monitoring such as the Bushkill
Creek Watershed Project (Bushkill Creek Watershed Project website) and Pen Argyl
High School (PAHS, 2000).
If. receiving water quality is found to inhibit the beneficial uses of a
waterbody, it is then the task of the stakeholders to decide the means by which to
address the impairment. Unfortunately, based on the limited knowledge of the
relationship between stormwater runoff and water quality, this decision is often not an
easy one. The effectiveness ofmany BMPs, particularly structural strategies, is still a
difficult determination to make. It seems, however, as development continues, that
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BMPs are becoming a necessity since few other means exist to control the negative
impacts of stormwater runoff.
In the Bushkill Creek watershed, various studies have shown that water
quality has not posed a significant problem (Braunwell~ 1991; Coykendall, 1992;
Hobbs, 1998). Within the last decade and a half of intense development, concerns
have focused primarily on the control of the volume and velocity of flow. Thus, use
of either structural BMPs that provide flow control, such as detention basins, or
various nonstructural techniques seem most well suited to the current needs of the
Bushkill Creek watershed.
In the instances where decision-makers have concluded that use of a structural
BMP is their preferred option, it is important that proper sources be consulted in the
choice of BMP as well as in its design and implementation. Utilizing such resources
as the National Stormwater BMP Database and various state design manuals can
prove to be important aspects in successful application ofBMPs.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS
The research contained in this report demonstrates that the relationship
between urban stormwater runoff and water quality is rather complex. Because of
this complexity, much is still misunderstood about the true impacts of stormwater
runoff on the quality of receiving waters. Research continues to quantify this
relationship, since such a determination will prove invaluable to efforts aimed at
improving water quality throughout the nation.
Through the research conducted for this report, it seems clear that the primary
urban stormwater runoff effects are those related to the volume and velocity of flow.
While some areas of the country experience detrimental effects from polluted
stormwater runoff, most have only limited problems with stormwater runoff quality.
Such is the case in the Bushkill Creek watershed. Studies conducted by Lafayette
College and others have demonstrated that constituent concentrations have not
drastically affected the quality of the stream such that it has been deprived of any of
its beneficial uses (Braunwell, 1991; Coykendall, 1992;· Hobbs, 1998). Problems
identified with stormwater runoff in the Bushkill Creek watershed have primarily
dealt with instances of erosion due to the uncontrolled flow from some developed
sites. Further, these cases have not been quantitatively documented to date.
Fortunately; much is beingdone within the Bushkill Creek watershed to gain
an understanding of possible impacts from stormwater runoff. Primary among these
efforts is the development of a comprehensive monitoring program. The data
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provided from this project can be analyzed to find trends in the relationship between
water quality and the runoff response of the watershed.
At the current time, this monitoring is the only means by which the impacts of
stormwater runoff can be reasonably evaluated, not just in the Bushkill Creek
watershed, but throughout the country as well. Studies conducted by the US EPA and
many other researchers seek to quantify stormwater runoff effects for a wide variety
of conditions in order to compare them with previous research. Standardized
collections of data from such studies will most likely be the source for future
knowledge gained about stormwater runoff and its impacts.
Due to the lack of thorough understanding of urban stormwater runoff
effects, uncertainty still surrounds the technology of BMPs as well. An inability to
accurately quantify their efficiency and effectiveness has hampered their widespread
use. Since many BMP strategies can be rather costly, a proper understanding of the
expected functions is fundamentally important in gaining the support required to
implement them.
Currently, there is a trend towards the use of nonstructural BMPs, more often
than structural, due to their relatively low cost and the limited data of many structural
BMP results. Based on the current conditions within the Bushkill Creek watershed,
the use of BMP strategies should be limited primarily to nonstructural methods, such
as public education programs, and structural methods that provide only a means of
flow control. Commonly used infiltration type BMPs would be especially impractical
within some parts of the Bushkill Creek watershed, due to the potential for sinkholes
in these areas. Unless the current monitoring within the watershed suggests a change
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in water quality conditions, the decision-makers of the Bushkill Creek watershed
would be best served by waiting until more is understood about the relationship
between stormwater runoff and water quality before implementing costly structural
BMPs. If measures to prevent potential stormwater runoff impacts are desired at this
time, they may be sufficiently accomplished through the use of nonstructural BMP
strategies.
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TABLE A
Categories, Examples, and Sources of Urban Stormwater
Constituents
Cate20ry Examples Typical Sources
Metals zinc, cadmium, copper, automobile deposition,
chromium, arsenic, lead industrial process
byproduct deposition
Organic chemicals Pesticides, oil, gasoline, automobile deposition, use
grease of lawn care products
Pathogens viruses, bacteria, protozoa sanitary seweroverflows,
animal waste, illicit sewage
connections
Nutrients Nitrogen, phosphorus use oflawn care products,
animal and human waste
Biochemical oxygen Hydrocarbons, organic sedimentation, animal and
demand (carbonaceous) materials human waste, leaves, grass
clippings
Sediment sand, soil, silt exposed sediment at a
.construction site, stream
bedlbank erosion
Salts sodium chloride, calcium salting ofroadways
chloride
Sources: EPA, 1999 & Lehner, 1999
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TABLEB
Typical Constituent Loadings from Runoff by Urban Land Use
[lbs/ac-yr]
Land Use TSS TP TKN NH3- N02+ BOD COD Pb Zn Cn
N N03-
N
Commercial 1000 1.5 6.7 1.9 3.1 62 420 2.7 2.1 0.4
Parking Lot 400 0.7 5.1 2.0 2.9 47 270 0.8 0.8 0.04
HDR 420 1.0 4.2 0.8 2.0 27 170 0.8 0.7 O.OJ
MDR 190 0.5 2.5 0.5 1.4 13 72 0.2 0.2 0.14
LDR 10 0.04 0.03 0.02 0.1 NA NA 0.01 0.04 0~01.
Freeway 880 0.9 7.9 1.5 4.2 NA NA 4.5 2.1 0.37
Industrial 860 1.3 3.8 0.2 1.3 NA NA 2.4 7,3 0.5
Park 3 0.03 1.5 NA 0,3 NA 2 0 NA NA
Construction 6000 80 NA NA NA NA NA NA NA NA
HDR = HIgh Density ResidentIal
MDR = Medium Density Residential
LDR = Low Density Residential
NA = Not Available (insufficient data to calculate loadings)
Source: Homer, 1994
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TABLEC
Various Design Criteria for Infiltration BMPs
Design Element Recommended Criteria
Ponding Time 72 hours
Drainage Area Infiltration Basin 50 acres
Infiltration Trench 10 acres
Infiltration Rate 0.3 inches/hour
Design Storm 1- 3 year storm
Depth Infiltration Basin 3 feet
Infiltration Trench 10 feet
Lining Infiltration Basin vegetation
Source: Taylor and Lee, 2000
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TABLED
Recommended BMP Maintenance Schedules
BMP Activity Schedule
• Cleaning and removal ofdebris after major stonn events
• Harvest excess vegetation Annual or as
• Repair ofembankment and side slopes needed
Retention • Repair ofcontrol structure
PondlWetland
• Removal ofaccumulated sediment from forebays or sediment 5-year cycle,
storage areas or as needed
• Removal of accumulated.sediment from main cells ofpond once 20-year cycle
the original volume has been significantly reduced (can vary)
• Removal of accumulated sediment Annual or asDetention Basin • Repair of control structure needed
• Repair of embankment and side slopes
Infiltration • Cleaning and removal ofdebris after major stonn events Annual or as
Trench • Mowing and maintenance ofupland vegetated areas needed
• Maintenance of inlets and outlets
• Cleaning and removal ofdebris after major stonn events Annual or as
Infiltration Basin • Mowing and maintenance ofupland vegetated areas needed
• Removal of accumulated sediment from forebays or sediment 3- to 5-year
storage areas cycle
• Removal of trash and debris from control openings
• Repair ofleaks from the sedimentation chamber or deterioration
ofstructural components Annual or asSand Filters • Removal of the top few inches of sand and cultivation of the needed
suface when filter bed is clogged (only works for a few cycles)
• Clean out ofaccumulated sediment from filter bed chamber
• Clean out ofaccumulated sediment form sedimentation chamber
• Repair oferoded areas
• Mulching ofvoid areas Biannual or as
Bioretention • Removal and replacement of all dead and diseased vegetation needed
• Watering ofplant material
• Removal ofmulch and application of a new laver Annual
• .Mowing and litter and debris removal
• Stabilization of eroded side slopes and bottom Annual or as
• Nutrient and pesticide use management needed
• De-thatching swale bottom and removal of thatching
Grass Swale • Discing or aeration ofswale bottom
• Scraping swale bottom and removal ofsediment to restore
original cross section and infiltration rate 5-year cycle
• Seeding or sodding to restore ground cover (use proper erosion
and sedimentation control)
• Mowing and litter and debris removal
Filter Strip • Nutrient and pesticide use management Annual or as
• Aeration of soil in the filter strip needed
• Repair oferoded or sparse grass areas
Source: US EPA, 1999
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TABLEE
Parameters to Report with Water-Quality Data for Various BMPs
Parameter Retention Wetland Wetland Sand Filter InfiltrationPond Basin Channel
Tributary watershed area X X X X X
Total % tributary watershed is X X X X Ximpervious
% of impervious area X X X X Xhydraulically connected
Presence ofgutter, sewer, X X X X X
swale, ditches in watershed?
Average storm runoff volume X X X X X
50th percentile runoff volume X X X X X
Coefficient ofvariation of X X X X X
runoff volumes
Average daily baseflow volume X X X X X
Average runoff interevent time X X X X X
5010 percentile interevent time X X X X X
Coefficient of interevent times X X X X X
Average storm duration X X X X X
5010 percentile storm duration X X X X X
Coefficient ofvariation of X X X X X
storm durations
VVatertemperature X X X X X
Alkalinitv, hardness, and pH X X X X X
Sediment settling velocity X X X X Xdistribution (when available)
Type and frequency of X X X X X
maintenance
Inlet and outlet dimensions and X X X X Xdetails
Solar radiation (when available) X X X
Volume ofpermanent pool X X X
Permanent pool surface area X X X
Littoral zone surface area X
Length ofpermanent pool X X X
Detention (or surcharge) X X X X
volume
Detention basin's surface area X' X X X
Length ofdetention basin X X X X
Brim-full emptying time X X X X
Half-brimful emptying time X X X X
Forebay volume X X X X
Forebay length X X X X
Presence ofwetland type rock X Xfilter?
Percent ofwetland surface at X XP03 and Po.6depths
Meadow wetland surface area X X
Plant species and age of facility X X X
2-year flood peak velocity X
Depth high ground water or X Ximpermeable layer
Source: Adapted from Urbonas, 1995
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TABLEF
Structural BMP Expected Pollutant Removal Efficiency
Tvpical Pollutant Removal (%)
BMPType Suspended Nitrogen Phosphorus Pathogens MetalsSolids
Dry Detention 30-65 15-45 15-45 <30 15-45Basins
Retention 50-80 30-65 30-65 <30 50-80Basins
Constructed 50-80 <30 15-45 <30 50-80Wetlands
Infiltration 50-80 50-80 50-80 65-100 50-80Basins
Infiltration 50-80 50-80 15-45 65-100 50-80Trenches
Porous 65-100 65-100 30-65 65-100 65-100Pavement
Grassed 30-65 15-45 15-45 <30 15:.45Swales
Vegetated 50-80 50-80 50-80 <30 50-80Filter Strips
Surface Sand 50-80 <30 50-80 <30 50-80Filters
Other Media 65-100 15-45 <30 <30 50-80Filters
Source: Adapted from US EPA, 1993
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TABLEG
Typical Base Capital Construction Costs for BMPs
BMPTvpe TvpicalCost ($/ct) Notes
Retention and Detention Basins 0.50-1.00 Cost range reflects economies of scale jn
designing this BMP. The lowest unit cost
represents approximately 15,000 cfof storage,
while the highest is approximately 150,000 cf.
Typically, dry detention basins are the least
expensive design options among retention and
detention practices.
Constructed Wetland 0.60-1.25 Although little data are available to assess the
cost ofwetlands, it is assumed that they are
approximately 25% more expensive (because
ofplant selection and sediment forebay
requirements) than retention basins.
Infiltration Trench 4.00 Represents typical costs for a 100-ft long
trench.
Infiltration Basin 1.30 Represents typical costs for a 0.25-ac
infiltration basin.
Sand Filter 3.00-6.00 The range in costs for sand filter construction
is largely due to the different sand filter
designs. Ofthe three most common options
available, perimeter sand filters are moderate
cost whereas surface sand filters and
underground sand filters are the most
expensive.
Bioretention 5.30 Bioretention is relatively constant in cost,
because it is usually designed as a constant
fraction ofthe total drainage area.
Grass Swale 0.50 Based on cost/sf and assuming 6 in ofstorage
in the filter.
Filter Strip 0.00-1.30 Based on cost/sf and assuming 6 in ofstorage
in the filter strip. The lowest cost assumes
that the buffer uses existing vegetation, and
the highest cost assumes thatsod was used to
establish the filter strip.
Sources: SWRPV, 1991 and Brown and Schueler, 1997b
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TABLEH
Generalized Capital Cost for Conventional BMPs
Runoff Control New Construction Cost Retrofit Construction
($/ac) Cost ($/ac)
Drain Inlet Insert 1,000 1,000
Extended Detention Basin 10,000 25,000
Vegetated Swales 10,000 30,000
Filter Strips 17,000 37,000
Infiltration Basin 20,000 38,000
Media Filters 27,000 55,000
Source: Barrett, 1999
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TABLE I
Annual Maintenance Costs
BMP Annual Maintenance Cost (% ofConstruction Cost)
Retention Basins 3-6%
Detention Basins <1 %
Constructed Wetlands 2%
Infiltration Trenches 5 -20 %
Infiltration Basins 1- 3 %
Sand Filters 11-13%
Swales 5 -7%
Bioretention 5-7%
Filter Strips $320/ac (maintained)
Sources: SWRPC, 1991 and Brown and Schueler, 1997b
TABLEJ
Generalized Maintenance Cost for Conventional BMPs
Runoff Control Maintenance Cost per Year
Drain Inlet Insert $500
Extended Detention Basin 3 % (ofconstruction cost)
Vegetated Swales $5/ft
Filter Strips $1/ft
Infiltration Basin 3 % (ofconstruction cost)
Media Filters 3 % (ofconstruction cost)
Source: Barrett, 1999
60
TABLEK
Public Education Costs in Seattle, Washington
Item Description 1997 Budget
Covers supplies for the Stewardship
Supplies for volunteers Through Environmental Partnership $17,500
Program
Communications Communications strategy highlighting a $18,000
newly formed program within the city
Environmental Transportation costs from schools to
Education field visits (105 schools with four trips $46,500
each)
Education Services/Field Fees for student visits to various sites· $55,000Trips
Covers the cost of training classroom
Teacher Training teachers for the environmental education $3,400
program
Equipment Equipment for classroom education, $38,800including displays, handouts, etc.
Water Interpretive Staffto provide public information at $79,300Specialist: Staff two creeks
Water Interpretive Materials and equipment to support $12,100Specialist: Equipment interpretive specialist program
Youth Conservation Supports clean-up activities in creeks $210,900Corps
Source: Washington DOE, 1997
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